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ABSTRACT

The popul ation of white sturgeon in the Kootenai River has continued to
decline since 1983, in spite of a closure to harvest in the US. section of the
river. Setline and angling techniques were used to sanple 228 sturgeon fromthe
river between Kootenai Falls and Kootenay Lake during 1989. Sturgeon were found
in Mntana within 4 kmof Kootenai Falls and downstream from Bonners Ferry,
| daho to Kootenay Lake, British Colunbia. Qur data indicate there is a conplete
| ack of recruitment of juveniles into the population. The youngest fish sanpled
was of the 1977 year class, and the population is estimated at 850 individuals
with 95% confidence intervals of 574 to 1,463. At present, we do not understand
what mechanisns are limting recruitnment

OQver the past 70 years., the lower Kootenai River has been extensively diked
for flood control, effectively elimnating backwater and slough areas that may
have provided juvenile rearing habitat: Contanminants have entered the river
system via mning operations and agricultural practices. In 1972, Libby Dam
began operation, reversing the natural flow regine of the river, and releasing
frequent power peaking flows.

Of 179 fish that were surgically sexed, 37% were female and 35% were male.
Thirty-four percent of the females held devel oping oocytes. Al oocyte sanples
fromnine femal es contai ned copper (1.18 to 2.50 ug/g) and zinc (15.6 to 32.8
ug/g). Mst sanples al so contained organochl oride residues such as DDT, DDD
DDE, and pcBs (0.215 to 1.080 ug/g, combined). River sediment sanples contained
1.62 to 12.8 ug/g copper and 22.4 to 70.6 wug/g zinc, but no organochloride
resi dues

El ectrophoretic analysis of muscle sanples indicated reduced heterogeneity
conpared with |ower basin white sturgeon and showed a significantly different
degree of variation between the two stocks in seven enzyme systems.

An ongoing sonic telenetry study has revealed definite |ong distance
novenents in response to water flow fluctuations. Sturgeon regularly move across
the British Col unbia-1daho border and seek out deep holes or mgrate to Kootenay
Lake during late fall. Adequate ranges in river depth and current velocity allow
sturgeon to select for those habitat paranmeters; however, turbidity and
tenperature are homogeneous throughout the river at any given tinme.

AlLiiva o

Kinmberly A Apperson
Fi sheries Research Biol ogist

Paul J. Anders
Fi sheries Technician
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| NTRODUCTI ON
Geoqraphy

The Kootenai River originates in Kootenay National Park, British Colunbia
(B.C.), flowing south into Mbntana, then turning northwest at Jennings, the site
of Libby Dam at river kilonmeter (rkm) 352.4 (Figure 1). Kootenai Falls, 50 km
bel ow Li bby Dam presents an inpassable fish barrier. As the river flows through
the northeast corner of ldaho, a definite reach change occurs at Bonners Ferry.
Upstream fromtown, the river has an average gradient of 0.6 mkm wth
velocities higher than 0.8 m's. Downstream fromBonners Ferry the river slows,
deepens, and neanders through the Kootenai Valley back into B.C., into the south
arm of Kootenay Lake. The river |eaves the |ake through the west armto a
confluence with the Columbia River at Castlegar. A natural barrier at Bonnington
Falls, and now Corra Linn Dam have isolated the Kootenai white sturgeon
Acipenger transmontanus from other populations in the Colunbia River basin for
approximately 10,000 years (Northcote 1973). The basin drains an area of 49,987
kn$ (Bonde and Bush 1975).

Development

Spring floods were common prior to comrencenent of operation of Libby Dam
in 1972. Constructed by the US. Arny Corps of Engineers, Libby Dam provides
fl ood control and hydropower generation and is part of the Bonneville Power
Administration (BPA) network. Dam operation drastically alters natural flow
| evel s by storing water during spring runoff and discharging power peaking flows
during late summer and fall. Corra Linn Dameffectively raises the mean |eve
of Kootenay Lake 2.4 m influencing the river level to Bonners Ferry.

To protect agricultural land between Bonners Ferry and Kootenay Lake, the

riverbanks have been di ked extensively since the 1920s, effectively renoving
nost backwater and slough areas from the river system

Cont ami nants

Prior to construction ofLibby Dam nost point source pollution in the
Koot enai River drainage came froma mne and fertilizer plant upriver on the
St. Mary River (Bonde and Bush 1975). The ASARKO nine (copper and silver) on
Lake Creek near Troy, Montana is the only current nmining operation in the
drainage below the dam The cl osed Snowshoe M ne on Snowshoe Creek (tributary
to Libby Creek) was reclaimed in 1989 due to water quality problens.

ANNUAL
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Figure 1. Mp of the Kootenai River. Wiite sturgeon are found downstream
from Kootenai Falls, and primarily downstream from Bonners
Ferry, Idaho.



Sturqgeon Fi shery

| daho

Harvest of white sturgeon fromthe Kootenai River has been regulated in
| daho since 1944 when commercial fishing was prohibited. I ncreasi ngly
restrictive statewi de harvest limts and length restrictions were inposed over
the years (Table 1). From 1944 through the mid-1970s, 10 to 20 fish were
harvested per year; an estimated 43 to 50 sturgeon per year were harvested from
1979 through 1982. The first and only prior investigation of'fisheries resources
on the lower Kootenai River was conducted from 1979 t hrough 1982 by Partridge
(1983). Partridge found that only 13% of his sanple of sturgeon were younger
than age 15 and smaller than 92 cmtotal length, the legal size for harvest.
Concluding that this lack of recruitment of juveniles was limting the fishery,
harvest of sturgeon was terminated in 1984.

Montana

Prior to 1972, harvest of white sturgeon was not restricted in Mntana
(Table 1). Harvest was restricted to 2 fish per year (102 to 183 cm TL) for the
next six years, then the fishery was conpletely closed in 1979 (G aham 1981).
Five to 18 sturgeon were legally harvested annually during that period. Montana
officials have declared white sturgeon a "species of special concern" due to the
very small nunber (an estimated 5 fish) residing in the river in 1979.

British Colunbia

Sturgeon harvest has been restricted in B.C. since 1952 (Table 1). Since
1974, anglers in B.C. have been allowed to harvest one sturgeon per year with
a mninum length restriction of 1 m. Beginning in 1989, setlining for white
sturgeon was prohibited, and they may now only be taken by angling. A reported
5to 18 fish are harvested annually, and illegal harvest nmay increase that
estimate by 50% (Andrusak 1980). Since 1977, the B.C. Mnistry of Environment
has tagged 180 sturgeon at the nmouth of the Kootenai River as it enters the south
armof the |ake. Several of those fish have been recaptured in |daho

OBJECTI VES

CGeneral know edge regarding habitat requirements of white sturgeon and
our understanding of environmental influence on distribution, novenent, spawning
behavi or and success, and juvenile survival is insufficient to allow us to
determne, wthout further investigation, how man's devel opment of the Kootena
River has inpacted this species

ANNUAL




Table 1. A history of fishing regulations for white sturgeon in the Kootena
River.
Year " Sturgeon fishing regulations
Idaho ) Montana British Columbia
1944 ‘2 in possesion; no
yearly limit; no
commercial harvest
1948 1 setline; 1 in
possession
1949 1 setline; 1 in
possession; 76 cm
minimun size
1952 setlines permitted;
1 per day; 92 cm
minimum size
1955 1 setline; 1 in
possession; 102 cm
minimum size
1957 1 setline; 2 per setlines permitted
year; 1.in for ling only
possession; 102 ¢cm
minimum size
1960 1 setline; 2 per
year; 1 in
POSSESSI-0N; "2 - 183
cmlength
restriction
1968 setline pernitted
for sturgeon
Februard/ 15 t hr ough
June 3
1973 6 setlines with 6
hooks per line
permtted Februar
15 through June 3
2 per y@ -
183 cm | ength
restriction
1975 rio setlines
permtted; 2 per
ear; 102 - 183 cm
ength restriction
1978 100 cm i ni mum si ze
1979 2 pegear; 1 __in cl osed
posséssion; 92 - 183
cm | ength .
restriction; permt
required
1981 1 per year; 100 cm
m ni num si ze
1982 Sturgeon decl ared a
game fi Sh
1983 setlines prohibited
season: July 1
t hrough Decenber 31;
1 per 92ar; - 183
cm length
restriction
1984 catch and rel ease
only; open all year
1989 setlines prohibited




This project, authorized by the Northwest Power Planning Council (1987)
and funded by BPA, is an effort to identify environmental factors limting the
white sturgeon population in the Kootenai River and to recomend effective
mtigative actions to restore the wild population. Concurrently, BPA is
providing the Kootenai Indian Tribe of ldaho with funding to devel op an
experimental white sturgeon hatchery on the Kootenai River. The Idaho Departnent
of Fish and Game and Kootenai Tribe are working cooperatively to neet the goa
of restoring this population. Objectives for 1989 were to:

1. Assess the status of white sturgeon in the Kootenai River between Koot enay
Lake and Kootenai Falls with regard to distribution, population size
reproduction, and recruitnent.

2. Describe diel, weekly, and seasonal novenents of white sturgeon and to
describe the frequency of use of physical habitat paraneters,.including
depth, focal point velocity, tenperature, and turbidity.

3. Experinentally culture white sturgeon fromthe Kootenai R ver to determ ne
ganete viability. (Because of a delay in the construction of the hatchery,
no experinental spawning or culture of sturgeon was conducted in 1989).

4. Measure levels of contamnants in sturgeon ova and in river sediments

5. Assess the genetic status of the Kootenai River sturgeon population
RECOMVENDATI ONS

1. We recommend that the closure to harvest of white sturgeon in the Kootena
River be continued in Idaho and Mntana and expanded to British Col unbia
until the factors which have elimnated recruitment are overcome. CQur data
indicate no recruitnent since 1977, suggesting this popul ation cannot
wi thstand further harvest without risking an irrecoverable |oss of adults
needed for recovery.

2. No nore than 10,000 age 0 to age | offspring from Kootenai River broodstock
shoul d be released into the Kootenai River in 1990-91 to nonitor survival
of juvenile fish and to begin a recovery program for the population. This
shoul d provide protection to existing genetics

3. ldentify habitat availability for white sturgeon at all life stages in the
| ower Kootenai River. This work could be done in conjunction with |ing
habitat and flow nodeling being done by Mntana

4. Due to total recruitment failure-and genetic differences fromother white

sturgeon, developing a petition to list the Kootenai R ver white sturgeon
as an endangered species is reconmended

ANNUAL



METHODS

Population St at us

Capture of Wite Sturgeon

Setline Sampling-Setline sanpling was the prinary technique used to capture
white sturgeon. Each setline consisted of a 27 mnmainline of 0.64 cm dianeter
twisted, mediumlay nylon line, with a gangen |ine attached every 3 mfor a tota
of six per setline. Gangen |ines consisted of a stainless steel mainline snap
with a 4/0 ball bearing swvel attached, with a large stainless steel hog ring
100 to 250 kg test gangen twine, and a cadmiumtin coated circle tuna hook, size
16/0, 14/0, or 12/0. Each gangen |ine measured 45 cmlong frommainline to hook
Each setline was rigged with tw gangen |ines of each size hook, placed in random
order on the mainline. One 10kg weight was tied to each end of the setline,
as were float lines and buoys. Hooks were baited with chunks of adult kokanee
sal non Oncorhvnchus nerka with little exception (nightcrawers, squawfish
Ptvchocheilus oreaonensis, and peamouth M/l ocheilus caurinus were used
occasionally during the beginning of the sanpling season). For the first six
weeks of sanpling, half of the Iines set were rigged with J-shank 6/0 hooks in
pl ace of circle hooks to determne relative catch rates of the different style
hooks. Beginning in August, additional setlines were rigged with ten 10/0circle
hooks spaced 1.5 m apart in an effort to sanple sturgeon too small to be
recruited to the larger gear. These lines were set in slough and backwater areas
as well as in the main river

Rod and Reel Sampling-Setline sanpling was supplemented with rod and ree
sanpling as time permtted. Six- to seven-foot long rods with bait casting reels
were rigged with 36-kg test dacron line, approxinmately 0.3 kg of weight, and
assorted hook styles and sizes.

El ectrofishing-The lower 0.5 km of the East Channel of the Kootenai River
and the bay between the nmouth of the East Channel and the main river channel was
el ectrofished at night on August 10.

Treatnent of Captured Sturgeon

Handl i ng- Sturgeon were slid into a 2.2 mx 1 mhooded vinyl stretcher in
the water then lifted into the boat, supporting the poles of the stretcher across
the gunwal es. Enough water was bucketed into the stretcher to allow the sturgeon
to gill throughout handling time. Sturgeon |onger than 220 cm were not brought
into the boat, but were examned in the stretcher in a wadable depth of water
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Measurements and Taqgi ng-All captured sturgeon were nmeasured for fork
length (FL) and total length (TL), tagged with a red,, nunbered Floy FT-10 (30
cmlong spaghetti-type) tag pierced through the flesh just below the anterior
end of the dorsal fin, and tied with a [oop knot. Begi nni ng June 13, al
sturgeon also received a Passive Integrated Transponder (PIT) tag inserted into
the dorsal nmusculature at the base of the right side of the dorsal fin. A
subsanpl e of sturgeon was wei ghed to the nearest kg on a 100 kg capacity hangi ng
scale by winching the stretcher with a hoist. Beginning August 10, all sanpled
sturgeon received 100 mg/ml oxytetracycline (OTC) at approximtely 25 ng OTC kg
body weight. The antibiotic was injected 5 nl at a time into the anterior part
of the dorsal nusculature. In addition to serving as an antibiotic to prevent
possi bl e infection fromsurgery and handling stress, the OTC should provide a
reference mark on pectoral fin-ray sanples to be collected in the future. W
estimated the age of all sturgeon that had been aged during the past study and
could be identified by old tags. W aged additional fish representative of
length groups. To collect sanples for aging sturgeon, a 5 nm section of the
| eading pectoral fin-ray was renoved 5 nm from fin articulation. A hacksaw was
used to cut through the ray and a fillet'knife used to separate the first ray
fromthe fin

Sex Determination-Mst sturgeon |onger than 120 cm TL were sexed by
surgical incision followng nmethods outlined in Conte et al. (1988). A 1.5 cm
incision was nade, with a size 10 or 15 surgical blade, on the ventral side at
the fourth ventral scute anterior to the anal opening and hal fway between the

scute line and ventral line. A veterinary otoscope, with a 7 nmor 9 nm
speculum was inserted into the incision to aid in determning sex and stage of
maturity of fish. Femal es were classified as nonvitellogenic (ovaries

undifferentiated with no oocytes visible), early vitellogenic (oocytes present,

white to yellowin color and <2.5 nmin dianeter), or late vitellogenic (many
oocytes, grayish and »>2.5 nmin diameter). A bactericide (4% nitrofurazone
solution) was liberally applied to all surgical instruments, to the area around
the incision, and to the inside of the body cavity. A 0.64 cmtygon tube was
used to pipet a 15 g ova sanple fromfenmales with oocytes larger than 2.5 nm

These sanples were frozen for contam nants anal yses. I nci sions were sutured
using 4.0 metric chromc gut swatched to a CP-2 cutting needle. The incision
area was wiped dry and a tissue adhesive applied to seal the wound

Col l ectionof Miscle Tissue Sanples-A sanple of nuscle tissue was col | ected
fromeach of 56 white sturgeon for electrophoretic analysis. A small incision
was nade through the skin at md body, just below the |ayer of fat along the
dorsal ridge, and a cork borer used to extract the 3 x 5 nmsanple. The wound
was flushed with nitrofurazone and then sutured closed

Wiite Sturgeon Myvenent and Habitat Use

In our original sanpling design, we intended to track movements of adult
white sturgeon caught in four sections of the river; four fish in Mntana, six
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fish in Idaho between Bonners -Ferry and Copeland, six fish in Idaho between
Copeland and Porthill, and four fish in B.C. between Porthill and Koot enay Lake.
V¢ hoped to track novenents of an equal nunber of males and females. These sites
were chosen to allow sanpling over a large area of the river, while concentrating
on data collection fromareas criticalto investigation of sturgeon. The Montana
site was chosen to locate and define nmovements of sturgeon where they are nearly
extinct. The Idaho sites represent areas where past catch rates and densities
were relatively high (Partridge 1983). The B.C. site was chosen to exanne
whet her sturgeon migrate to and from the |ake, and at what times of the year
these migrations may be occurring

Utrasonic transmtters used (nmanufactured by Sonotronics of Tuscon,
Arizona) operate at a frequency of 74 Khz and enit a three or four digit pul sed
code for identification. The transmtters were of three types: ten with 12-
nonth batteries (Mdel CT-82-1); five with tenperature monitors, also with 12-
month batteries (Mdel CTT-83); and five with 2-year batteries (Mdel CHP-87)
Transmitter nodels Cr-82-1 and CTT-83 are 16 nmin dianeter, 60 nmlong, weigh
20 ginair and 8 g in water, and have a maxi num range of 1 km in unobstructed
waters. Transmtter nodel CHP-87 is 18 mmin dianmeter, 100 mm long, weighs 32
ginair and 13 g in water, and has a maxi numrange of 3 km Al transmtters
are contained in a polyvinyl chloride (PVC) shell-with a small hole at each end
for external attachnent

Transmtters were nounted externally because that was quicker and easier
than surgical inplantation and allowed the potential to eventually renove or
replace transmitters. Transnmitters were attached by passing a single braided
stainless steel wire through the holes in the transmtter, then through a 15.2
cm 16-gauge hypodermic needle, which was inserted through the flesh just below
the anterior and posterior edges of the dorsal fin. The wire was then fed
through holes in a piece of PVC tubing of equal dimensions as the transmtter
on the other side of the fish (Figure 2). After the wire was passed through
holes in both walls of the tubing, it was cut and crinped with metal [|eader
sl eeves to secure the transmtter snugly to the side of the fish. The tubing
hel ped distribute weight evenly on the fish and ensured that the attachment wires
did not pull through the flesh. A directional hydrophone (Sonotronics Mdel UR
5 B or Smith-Root Mddel TA-25) was used to locate fish carrying transmtters.
Locations of each fish, to the nearest 0.1 river km were determ ned weekly
during sumrer 1989 and monthly to biweekly through November. To assess diel
sturgeon movenent during sumer, locations of six randomy chosen fish were
documented at hourly intervals over a 24-hour period.

Focal point current velocity, water depth, tenperature, and turbidity were
nmeasured at the same tine and location that fish were found. A Price AA current
velocity nmeter and a YSI Model 33 tenperature neter were used to nmeasure current
and tenperature, respectively. \Water depth was recorded with a Lowance X-16
echosounding chart recorder, and a Kenmerer bottle was used to collect water
sanples for turbidity neasurements. Turbidity was neasured with a Hach Model
DREL-5 portable spectrophotoneter and expressed in Formazin Turbidity Units
(FTUs).
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Figure 2. External attachment of an ultrasonic transmitter on a
white sturgeon.
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Use curves for measured habitat paraneters will be generated with the
MacIntosh Statview conputer program (Abacus Concepts, Inc. 1986). To assess the
influence of various flow reginmes on sturgeon novenents, including power peaking
at Libby Dam and to test for the presence of a threshold current velocity for
sturgeon novenent, flow data will be correlated with fish location and novenent
data using correlation functions. Continuous river flow data from gaugi ng
stations will be provided by the U S. GCeological Survey (USGS). Results from
these analyses will be presented in the 1990 annual report

Popul ation Estimte

Sturgeon sanpling was conducted from md-Mrch through Cctober, 1989. Four
sanpling passes were made between Kootenai Falls and Kootenay Lake (Figure 1).
Each pass took eight weeks to conplete, and all sections of the river that were
possi bl e to fish were sanpl ed.  Any sturgeon caught and tagged superfluous to
this sanpling regiment were onmtted fromthe population estimate. A nodified
Schnabel multiple mark recapture method was used to estimate the size of the
sturgeon popul ation (Ricker 1975). The following fornulas were used

A (CuMy)
N =

Rt+1

Ni nety-five percent confidence intervals were conputed wusing a Poisson
di stribution

1—P=Rt+1 .92+1.96 ‘/Rt”

wher e:
C.=total sanpl e taken during pass t,
M,=total marked fish at the start of the t*" pass,
R,=number Of recaptures in the sanple c,.

Agi ng

To determine fish age, a 2 mmthick section was cut fromeach dried
pectoral fin-ray sanple using a jewelers saw and vise. Both sides of the sanple
were polished with 600 grit sandpaper and permanently mounted on a nicroscope
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slide with clear fingernail polish. Annuli were counted with aid of a conpound
m croscope using transmitted |ight set at 40x magnification.

Anal ysis of Contaminants

Level s of copper, zinc, and organochlorides in white sturgeon oocyte
sanples and in Kootenai River sedinment sanples were determned by Am Test, Inc.
of Rednond, Washington. Metals were analyzed in accordance with Environnental
Protection Agency (EPA) nethod 6010 (US EPA 1986) and organochl ori des were
anal yzed according to Method PPB 12/83 (US EPA 1983).  Copper and zinc were
chosen because previous water quality monitoring singled out these two metals
as being at potentially harnful levels (Bonde and Bush 1975). Organochl orides
wer e measured because relatively high levels of DDT and its netabolites and
pol ychl orinated bi phenyl (PCB) were found in a sturgeon ova sanple in 1982.

Genetic Analysis

Conpl ete methods used for electrophoretic analysis of nuscle tissue sanples
are presented in Appendix A

RESULTS

Population Structure

Popul ation Estinmate and Abundance

A total of 228 white sturgeon were captured and marked with Floy tags in
1989. The latter 159 of those fish also received PIT tags. Twenty-one fish were
recaptured (with 23 incidences of recaptures). Six Floy tags were lost from
recaptured fish during the year. Al PIT tags were secure in recaptured fish.
Wth one exception, all sturgeon were captured between river km (x-km 244.5 (1
km downst ream from the H ghway 95 bridge at Bonners Ferry) and the Kootenay Lake
delta at rkm 120. One sturgeon (105 cm FL) was caught in Mntana at rkm 310.5,
2 km bel ow Kootenai Falls. Fork length of white sturgeon in the sanple ranged
from94 cmto 274 cm wth a nean of 147 cm (Figure 3). Total |engths ranged
from 109 cm to 308 cm, With a nean of 166 cm

The popul ation size was estimated at 850 individuals, with 95% confidence
intervals of 574 to 1,463. This translates to an average abundance of seven
sturgeon per km between Bonners Ferry and Kootenay Lake.

W expended a total effort of 15,075 hours of setline effort (setlines
rigged with six hooks each) to capture 220 white sturgeon; 4,548 hours for 53
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fishinB.C, 8,095 hours for 173 fish in | daho downstream from Bonners Ferry,
690 hours for O fish in Idaho upstream from Bonners Ferry, and 1,487 hours for
two fish in Mntana (Figure 4). Overall catch rate in Idaho was double that in
B.C. Small setlines (rigged with ten 10/0 or smaller hooks) were fished for a
total of 1,220 hours, but caught only 2 sturgeon. Weekly catch per setline hour
was highest during July at relatively |ow discharge and high tenperatures (Figure
5). Drastic fluctuations in discharge that began in August often fouled our
overni ght sets, and catch per unit effort declined throughout the fall

Project angling effort was sporadic. Holes with historically higher
densities ofsturgeon were usually selected for angling effort. Angling effort
totalled 716.4 rod hours to catch 24 fish.

CGear Selectivity

The smallest white sturgeon captured recruited equally to all three sizes
of circle hooks. The 12/0 hooks did appear to select for sturgeon snaller than
170 cm FL.  Except for the disproportionate nunber of 160 cm sturgeon caught by
16/0 hooks, no differential selection was apparent between the 14/0 and 16/0 hook
sizes (Figure 6). W discontinued using J-type hooks after having several fish
strai ghten hooks and escape. The J-type hooks were occasionally swallowed by
sturgeon, whereas circle hooks always caught fish in the mouth, making rel ease
| ess stressful

El ectrofishing efforts produced no sturgeon
Maturity

A total of 179 white sturgeon were surgically examned to determ ne sex
and stage of maturity. W identified 63 males and 66 females. \W were unable
to determne the sex of the remaining 50 fish due to uncertainty in
identification of gonadal tissues. Lengths of females ranged from 110 to 219
cmFL; nales ranged from 115 to 186 cm FL.  Thirteen percent of the females
sanpled were vitellogenic (Figure 7) and may be devel oped enough to spawn in
1990. Therefore, we could assume that there may be as many as 55 females in the
popul ation that may spawn in a given year. Noripe males were encountered. W\
defined ripe nales as those with extractable mlt when pressure was applied to
testes.

CGenetics
El ectrophoresis results for the 56 muscle sanples collected in 1989 and
nine sanples collected in 1987 fromthe Kootenai River delta (rkm 120) are

reported here in conbination. Allele frequencies were determined for 28 enzyme
systems.  Average heterozygosity, a nmeasure of the quantity of variation, was
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Figure 4 Effort expended and catch of white sturgeon by river
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B.C., 1989.
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0.054 (Appendix A). W feel this sanple adequately represents the Kootenai River
popul ati on.

Contaminants Analvsis

Al nine sanples of white sturgeon oocytes contained zinc and copper
Level s of copper ranged from 1.18 to 2.50 ng/g dry weight (Table 2). Zinc was
found at concentrations of 18.8 to 32.8 ug/g dry weight.

Organochl orides found in oocytes included DDT, DDD, DDE, and PCB (as
Aroclor 1260); levels found ranged from 0.215 to 1.080 ug/g wet weight. Because
extracts from three sanples were inadvertently conbined by Am Test,
organochloride levels were nmeasured in only six oocyte sanples

River sedinent sanples contained 1.62 to 12.8 wug/g copper and 22.4 to 70.6
pg/gzinc. Metal concentrations were considerably higher at the downriver site
No organochlorides were found in river sedinents

Myvenment _and Habitat Use

Sanpling efforts in Mntana failed to capture any reproductively mature
sturgeon for transmtter attachment. As a result, 16 fish in the lIdaho sections
of the river and four fish in B.C. received transmtters (Figure 8)

Weekly and Seasonal Mvement (Tel enetry)

St urgeon novenent data presented were gathered from June 30 through
Novermber 15, 1989. Prior to statistical analysis, much sturgeon novenent appears
to be random with some exceptions, including sustained upstream and downstream
nmovements of more than 20 km by four fish that were apparently triggered by the
first major summer water release from Libby Dam on August 1 (increasing discharge
from230 to 790 m%/s). Three fish exhibited sustained upstream novements between
30 and 60 kmwithin several weeks of this initial flow increase (Figure 9, 1384
and #2228; Fi gure 10, #456), and one fish exhibited a sustained downstream
movenent of over 50 km (Figure 9, #2246). Prior to increased discharge three
femal es noved 50 to 60 km downstream (Figure 9, #2255, #2228, and #339), per haps
responding to declining flows during June and July (Figure 5)

From | ate August through November, sturgeon movenents decreased in the
m ddl e section of the river (Copeland at rkm 200 to Bonners Ferry at rkm 246)
Five fish congregated in deep holes at Rock Creek (rkm 215) and Fl emm ng Creek
(rkm 225). Between |ate August and Novenber, three fish that inhabited the river
during summer mgrated as far as 95 kminto Kootenay Lake (Figure 9, #2228 and
#2246; Figure 10, #285) where they remained relatively stationary at depths of
24 to 55 m. In the section of river between Bonners Ferry and Kootenay Lake,
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Table 2. Contanminant levels in white sturgeon oocyte and Kootenai River
sedi ment sanples, 1989.

Organochl ori des

Sample -Metal s us/s wet w

Location ug/g drv wt PCB
(rkm) Dat e Copper _ Zinc DDD DDE DDT (a-1260)
140.0"  06/28 1.72  32.8 np® 100 ND 73*
229.7" 07/13 1.85 22.3 ND 100* ND 734
226.0" 07/14 2.24  23.1 ND 1004 ND 734
225.1" 07/14 1.62 21.5 650  ND 130 300
205.0" 07/20 1.87  23.3 440 44 96 330
198.8" 07/21 2.50 18.8 176 6 33 ND
213.2" 07/20 1.18  20.4 360 40 86 200
122.8" 10/04 1.31 21.6 190 28 73 310
unk unk 1.32 15.6 570 61 90 230
239. 04 10/03 2.85 22.4 ND ND ND ND
215.0" 10/03 4.82 47.4 ND ND ND ND
179.0°  10/03 2.93 41.4 ND ND ND ND
165.0°  10/03 1.62  51.7 ND ND ND ND
126.0" 10/03 12.80  70.6 ND ND ND ND

loocytesanple
*sedi ment sanpl e
D = no detection
‘composite oft hree oocyte sanpl es

TABLES
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we were able to locate 14 to 17 of the 20 fish weekly through Septenber& but only
6 to 10 fish were located during Novenber and 5 fish were found in Decenber.

Moverment data and the increased absence of sturgeon in the river from Septenber
t hrough Novenber suggests downstream migration of some sturgeon into Kootenay
Lake during the fall

Eight of the 20 fish fitted with transmtters exhibited sustained upstream
and downstream novenments between 45 to 80 kmduring 1989 (Figures 9 and 10).
Femal es accounted for six of these cases, while two male fish noved upstream and
downstream 70 and 80 km respectively.

One fish apparently lost a transmitter between June 14 and 21; the
transmtter has been in one location since that tine. W think the transmtter
was shed rather than remaining on a fish that died because this and all other
fish released after transmtter attachment appeared in excellent condition, as
did recaptured fish with transmtters

Point to Point Mvenent (Recaptures)

Recaptures of, tagged fish provided sone additional information regarding
gross novenments of sturgeon. Eight fish recaptured nore than 10 days fol | owi ng
initial capture noved between 19 and 73 km. No pattern with regard to direction
seasonality, sex, or fish size was apparent with these novements (Figure 11).
The nost dramatic of the novenents was a 135 cm FL mal e that noved 73 km
downstream in 10 days in late Septenber-early Cctober. Ei ght other fish
recaptured nore than 3 weeks follow ng taggi ng moved |ess than 13 km (Figure 11).
Simlar to those that noved |onger distances, we could not group these fish by
any simlarities, though they were generally found in areas where our catch
rates were relatively high

Diel Myvenent

Six randomy selected fish were located at hourly intervals for a 24-hour
period during the sumer of 1989. No diel patterns of novenent were evident from
these data, nor was novenent differential with respect to sex. Two of the fish
remained in the hole in which they were initially located during the entire 24-
hour periods at depths of 15 to 27 m Both fish exhibited nearly constant
novenents of less than 0.3 km Two other fish were located and renained in the
Kootenay River delta at Kootenay Lake at depths between 18 and 37 m with simlar
nmovenents of less than 0.5 km during the 24-hour periods. The remaining two fish
exhi bited upstream novenments of 6 and 4 km respectively, the forner noving
relatively constantly, while the latter remained in a hole at depths of 21 to
27 mfor 12 hours, then began the upstream migration at 2400 hours. These 6 and
4 km movements occurred in water depths of less than 12 m

ANNUAL

24




RIVER KILOMETER
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Figure 11. Mvenents of white sturgeon recaptured >19 kmfrom
| ocation of tagging in the Kootenai River, 1989.
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Habi t at Use

Turbidity-Turbidity neasurements where sturgeon were | ocated ranged from
0 to 18 Frus, wWith the exception of four readings in Novenber between 84 and 160
FTUs (Figure 12). Turbidity remained below 9 FTU prior to increased water
rel eases from Li bby Dam Following the first major rel ease on August 1,
turbidity peaked at 18 Frus. Slightly [ower peaks resulted with subsequent water
|l evel manipulations. In the absence of major precipitation, turbidity fell to
0 FTU when the flow remained constant for at |east two weeks. Turbidity values
of 84 to 160 were recorded in Novenber on the Kootenay River delta and nay have
resulted froma conbination of surface runoff and water |evel fluctuation. Seven
fish exhibited sustained, unidirectional upstream novenents of 30 to 90 km after
turbidity and flow increased; two fish exhibited simlar novements prior to that
period

Dept h- Sturgeon were located at depths ranging from4 to 54 m, with a nean
depth of 14 m (Figure 12). W located four fish at 52 to 55 m depths in
Novenber, which, after inhabiting depths from 18 to 27 m on the river delta
noved into deep water in Kootenay Lake. The use of shallower water (<12 m) by
sturgeon appears to be associated with novement, while sedentary fish often
remained in holes 12 to 27 m deep

Focal Point Velocity-Current velocities used by sturgeon ranged fromless
than 0.031 to 0.56 m/s, with a mean value of 0.19 m's (Figure 12). These val ues
may represent a preferred velocity for sturgeon in the Kootenai River, because
velocities of 0.61 to 1.22 m/s wer e avail abl e and apparently not utilized. Maj or
change in river flows (+/- 566 m°/s) fromthe operation of Libby Dam appear to
be an initiating factor for sustained sturgeon novenents over 20 km However,
these flow changes did not appear to change sturgeon current velocity utilization
frequenci es.

Water Tenperature-\Water tenperatures where sturgeon were |ocated ranged
from6 to 23°% (Figure 12). \Water tenperature may affect sturgeon novement in
the Kootenai River, however, an insufficient amount of data currently exists to
test this hypothesis.

Age and Gowth

Average annual growth rate for 12 white sturgeon tagged in 1979 through
1982 and recaptured in 1989 was 3.1 cm FL and 3.6 cm TL (Table 3). Those fish
ranged from 100 to 155 cm FL in 1989. Forty-nine pectoral fin sections were
exam ned fromthe 1989 sanple. Length-at-age is in general agreement between
the 1989 sanpl e and the 1979 through 1982 sanple, though this sanple size was
small conpared to the number of fish aged during the previous sanple period
(Table 4). A conparison of six old and new sanples of pectoral fin-ray sections
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Table 3. Gowh rate of white sturgeon in the Kootenai River based
on recaptured fish.

Mean annua

First capture Recapture srowth
ad FL(TL) FL(TL) FL(TL)

tag# Date (cm Dat e (cm (cm
03871 11/80 117(127) 4/89 138(154) 2.5(3.2)
G0648 8/81 112(125) 5/89  144(158) 4.1(4.3)
00754 7/82 127(143) 5/89  135(155) 1.2(1.8)
00652 8/81 92(102) 6/89 126(143) 4.3(5.2)
00656 9/81 92( 99) 6/89 111(123) 2.4(3.1)
00663 9/81 129(145) 6/89 155(178)' 3.3(4.2)
00699 5/82 106(121) 7/89  140(160) 4.7(5.4)
00748 6/82 111(127) 7/89  128(143) 2.4(2.3)
00717 6/82 69( 79) 8/89 100(112) 4.3(4.6)
00671 10/81 113(127) 9/89  129(146) 2.0(2.4)
00728 6/82 105(119) 9/89  135(153) 4.1(4.7)
00753 7/82 118(125) 9/89  135(143) 2.3(2.5)
x = 3.1(3.6)

TABLES
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Table 4. Age, nean total length, range of lengths, and |ength-at-age for
sturgeon from the Kootenai River in 1977 through 1982 (Partridge
1983) and in .1989.

1977-1982 1989
Age X _TL (cm) Range (cm) (N) X TL (cm) Range (cm (N)
4 54 51-57 4 - - 0
5 -- m" 0 - " 0
6 64 50-73 15 - -- 0
1 70 62-81 14 -- - 0
8 77 72-83 6 - - 0
9 79 79-80 2 -— - 0
10 82 75-87 6 -- - 0
11 86 84-88 2 - - 0
12 96 - 1 110 - 1
13 92 90-93 2 106 102-110 2
14 - -= 0 110 107-112 4
15 105 99-111 2 -= - 0
16 113 103-132 4 - - 0
17 108 95-140 17 125 - 1
18 113 92-138 24 160 - 1
19 116 98-152 72 139 119-158 2
20 121 93-155 52 146 - 1
21 133 103-169 30 145 123-157 3
22 136 112-160 21 147 128-165 2
23 149 109-170 11 156 146-165 2
24 157 120-173 11 158 130-185 8
"25 159 134-170 5 165 132-194 4
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Table 4. Continued.

1977-1982 1989
Age X _TL (cm Range (cm (N) X _TL (cm Range (cm) (N)
26 158 136-171 10 158 130-178 7
27 159 143-181 7 -- -- 0
28 181 -- ! 137 -- |
29 176 169-180 3 151 144-158 2
30 192 -- ! 181 167-200 3
31 173 167-178 2 234 -- !
32 186 185-188 2 -- -- 0
33 170 149-186 3 -- -- 0
34 201 183-219 3 -- -- 0
35 i - -- 0 - - 0
36 190 165-205 3 -- -- 0
37 224 -- | -- -- 0
38 -- -- 0 219 -- |
39 186 -- | 230 -- |
40 -- -- 0 -- -- 0
41 210 -- | -- -- 0
42 200 183-223 3 -- -- 0
43 -- -- 0 -- -- 0
44 203 -- | - -- 0
45 - 0 -- -- 0
46 - -- 0 253 -- !
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showed di screpanci es between estinmated age differences and actual time between
col lection of sanples of up to 3 years (Table 5). Annuli di screpancies occurred
on the outer edges of fin-ray sections.

DI SC JSSI ON

Popul ation Structure

Except for a 40 cmshift toward larger fish, the pattern of the past and
present length frequencies of sturgeon in the Kootenai River are very simlar
(Figure 13). Lengths of 417 white sturgeon sanpled from the Kootenai River in
1980 through 1982 ranged from50 cm TL to 224 cm TL, with a mean TL of 122 cm
(Partridge 1983). It appears fromthis and fromgrowth rate data that the sane
i ndi vidual s sanpled 10 years ago have grown, with virtually no recruitnent of
juveniles into the population. W do not believe that our sampling gear selected
for larger fish. Recruitnent of white sturgeon to setline gear has been
eval uated by the Oregon Department of Fish and Wldlife in the |ower Colunbia
River (Nigro 1989). Gear identical to ours fully recruited white sturgeon >90
cm FL and did catch fish as small as 50 cmwth all hook sizes. Though we did
not capture white sturgeon snaller than 94 cm FL, we did hook many squawfi sh,
especially on 10/0 and 12/0 circl e hooks.

A conparison of Partridge's (1983) population estimte (1,194 sturgeon with
95% confidence intervals of 907 to 1,503) with this year's estimte would
indicate an overall annual nortality rate of 0.03 for adult sturgeon. W do
acknow edge that past and present estimates are not directly conparable because
Partridge did not sanple in British Colunbia, and we found substantial novenent
of sturgeon between Canadian and U S. sections ofthe river. Aso, unknown rates
of sturgeon novenent to and from Kootenay Lake 'may have biased our 1989
popul ation estimate.

The average abundance of seven sturgeon/rkmin the Kootenai River is
conparable to the eight sturgeon/r-km of simlar-sized fish found in the middle
Snake River (Cochnauer 1983). However, in addition to adults, juveniles (60 to
91.5 cm TL) were found in-the mddl e Snake River at an average abundance of 18
sturgeon/r-km  Simlarly, in Hells Canyon of the Snake River, five sturgeon/rkm
were found that were »91.5 cm TL and 20 sturgeon/rkm were found that were 46 to
91.5 cm TL (Lukens 1984).

Qur electrophoresis results indicate that the Kootenai River popul ation
is genetically distinct fromlower Colunbia River populations. O 24 enzyne
systens conpared between popul ations, only nine systems fromthe Kootenai fish
were pol ynmorphic versus 17 pol ynorphic systens found in lower basin fish. In
addition, seven systens showed a significantly different degree of variation
()(20-05 1=3.841) bet ween popul ati ons (Appendix A). The sex ratio and reproductive
potential detected in the Kootenai population are conparable to other popul ations
of white sturgeon. Dr. Serge Doroshov (University of California at Davis,
personal comuni cation) noted that consistently 10% of nost white sturgeon
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Table 5. Conparison of past and present estinmated ages of individua
sturgeon in the Kootenai River

Tag Past Pr esent Estimated age Actual time
number Dat e Age Date Age difference (y) | apsed (y)
01085 8/13/81 15 6/08/89 24 9 7.8
01093 9/22/81 15 6/13/89 21 6 7.8
01114 7/16/80 16 6/21/89 24 8 8.9
01215 10/21/81 18 9/13/89 23 5 7.9
01027 8/11/81 19 5/16/89 26 7 7.8
01023 11/21/80 20 4/11/89 26 6 8.6
TABLES
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popul ati ons are reproductive at any given time, which holds true for our findings
with the femal e constituent of the Kootenai River popul ation.

G ven the above infornmation: a population with the potential for
reproduction, but with an inherent reduced genetic variability, we nust exercise
caution as supplenentation efforts are begun. Wth the facilities to use ganetes
froma limted number of brood fish, we must linit the nunber of offspring
stocked into the river. Incorporating nortality rates of various age groups from
the Snake River populations (Cochnauer 1983; Lukens 1984), we estimate that an
annual recruitment of 7,000 subyearling sturgeon would be required to naintain
the present adult population.

Extensive aging from fin-ray sections has been recently conducted with
white sturgeon fromthe |ower Colunbia River (Nigro 1989). Fin-ray sections were
read independently by at |east two people, and agreenment of assigned age was only
35%to 62% for fish 15 to 25 years of age and declining for ol der fish. However,
nmost di screpancies were only one or two years. As we recapture fish marked with
OTC, we hope to validate our aging techniques, if only to devel op degrees of
confidence for estimating age within given age groups.

Cont am nants

At this point, concentrations of copper found in sturgeon oocytes
potentially present the npbst severe contam nant effect on reproductive success.
Wat er copper levels of only 9 ng/kg appeared to inhibit yolk uptake in |arval
whi t e sturgeon .(Joel Van Ecnennann, University of California at Davis, personal
communi cation).  Copper levels in the Kootenai River at porthill range from 2
to 12 ng/kg (1983-1986, USGS records), and concentrations of copper in our oocyte
sanples were 100 to 250 times higher than those found lethal to larval white
st urgeon.

Nothing is known regarding the toxicity of zinc to white sturgeon. Current
water quality criteria to protect freshwater aquatic life is 47 ug/kg as a 24-
hour average (U S. Environmental Protection Agency 1984). Concentrations of
di ssolved zinc in the Kootenai River at Porthill ranged from9 to 19 ug/kg from
1983 t hrough 1986.

Organochlorides will accumulate in tissues' with high lipid content,
therefore, reproductive organs wll have higher concentrations than skeletal
nuscle.  The concentration of PCB (as Aroclor 1260) in water resulting in a
tissue residue in fathead minnow Pinephales promelas of 0.5 ug/kg was
approxi mtely 0.002 ug/kg (Nebeker 1976). More highly chlorinated PCB nixtures
are bioaccumulated in lipids of fish than the lower chlorinated conpounds (ie.,
PCB as Aroclor 1260 is nore chlorinated than Aroclor 1242). Water concentration
of 1.8 pg/kg PCB (Arocl or 1254) caused a 50% reduction in fathead m nnow
reproducti on.

Level s of organochl oride residues in Kootenai River white sturgeon oocytes
were generally higher than levels found to damage rai nbow trout Oncorhvnchus
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mykiss (Hogan and Brauhn 1975). Rainbow trout eggs contanminated with 0.090 ug/g
of a DDT conplex and 0.390 ug/g of PCBs (as Aroclor 1242) resulted in 60-70% of
the fry devel oping deformities and 75% cunul ative nortality 25 days after
hatching. Concentrations of organochlorides required to affect white sturgeon
reproduction and egg and fry survival are not known. Successful reproduction
does occur in the lower Colunbia River, where ova sanples fromtwo sturgeon
contained 0.16 and 0.45 ng/g PCB (as Aroclor 1254); 0 and 0.47 ug/g DDT; 0 and
0.71 ng/g DDD; and 0.07 and 1.75 ug/g DDE (Bosley and Gately 1981). Those |evels
general |y spanned the range of concentrations found in Kootenai River sturgeon
Ganete viability tests coupled with additional contam nants analysis in 1990
shoul d provide nore insight regarding the effects contam nants have on
reproduction of white sturgeon in the Kootenai River

Movenent and Habitat Use

Seasonal Movenent

Because several sturgeon in our study did respond to large changes in flow,
the inpact that Libby Dam has on downriver discharge may play a role in altering
the timng of mgration behavior, especially as it relates to spawning (Figure
14). Spawning activity and egg deposition were detected in the | ower Colunbia
Ri ver as discharge and tenperature increased during May through June (N gro
1989). Seasonal novenent patterns of sturgeon in the Kootenai River appeared
to be randomin distance and direction travelled. During the fall, fish sought
deep holes in the river or migrated downstream to Kootenay Lake.  Curiously,
fish did not remain in the B.C. river section (rkm 125 to 152), a stretch with
nunerous deep holes, for extended periods of time. Four fish captured in this
stretch did receive transmitters. Galbreath (1985) al so reported random sturgeon
nmoverment from a study that found no set migrational novenment patterns from 1,141
sturgeon tagged and recaptured in the lower Colunbia River from 1976 through
1983.

Seven of the sturgeon we tracked exhibited at |east one episode of |ong
di stance (>67 kn) sustained directional novenent. The remaining fish did not
exhibit such sustained movenment, however, absolute maximum di stances they
travel l ed ranged from 11 to 58 km Coon et al. (1977) reported that of 23
sturgeon (>183 cm TL) recaptured in the md-Snake River, four moved downstream
three moved upstream two showed nultidirectional nmovenent, and 14 were found
in the original holes after 362 days at |arge

Water tenperature could be an inportant factor involved in sturgeon
nmovement.  Haynes et al. (1978) reported that sturgeon movement (>2 km up or
downstream) in the md-Colunbia River was primarily a function of tenperature,
and maj or novenents ceased bel ow13°c. Sturgeon in the Kootenai River continued
to exhibit novenent bel ow 13°C, moving as much as 6 kmin 6°C water.

Baj kov (1951) reported that sturgeon usually congregate in deep holes
during cold winter nonths and move into shall ower water as spring approaches.
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Figure 14. Mean daily discharge in the Kootenai River at Copeland,
| daho prior to and since operation of Libby Dam
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Data from Kootenai River sturgeon suggest a simlar trend. As many as ten fish
remained in, or travelled between, the deepest holes in the niddle |daho section
of the river (rkm 215 to 246) during late fall and winter, generally inhabiting
depths of 12 to 21 m while fish in this section travelled nore w dely during
sunmer and early fall

We know that some migration occurs between the nore typical sturgeon
habi tat downstream from Bonners Ferry and hi gher gradient waters upstreaminto
Montana. Two sturgeon tagged in Mntana (rkm 311) in 1978 were recaptured by
angl ers near Bonners Ferry (rkm 246) in the spring of 1980 (G aham 1981).

Diel Movenent

Based on diel novenent data recorded from six fish for 24 hours at hourly
intervals during the summer, sturgeon appear to inhabit water deeper than 12 m
when remaining relatively sedentary, while fish found in shallower water
general ly exhibited nore sustained and extensive novements. Coon et al. (1977)
recorded locations of two sturgeon (220 cm TL) equipped with sonic transmtters
at approximtely 2-hour intervals in the md-Snake River between August 20 and
22, 1973. One of these fish moved only within a large eddy directly downstream
of its release site. During both days and nights, this fish nmoved primrily
into the shallower upstream end of the hole, and near daylight both days it
appeared to settle back near the area of maxi mum depth; however, during no 2-
hour period did this fish appear to remain conpletely notionless. The second
fish exhibited simlar novements in a different eddy after noving downstream
through a short rapids following its release. The locations of six sturgeon
recorded hourly for 24-hour periods in the Kootenai River also suggests that
these fish rarely remained conpletely notionless. Four of these fish also noved
only within the holes of their initial |ocation

Haynes and Gray (1981) reported that diel nmovements of sturgeon may be
influenced by the light cycle and by feeding requirements. W observed no such
diel patterns of novement with respect to orientation in the river channel (ie.
inshore versus offshore)

Habi tat Use

Six fish exhibited major novenent during the period of increased turbidity
and water level fluctuation, while only three fish exhibited such movenent prior
to that event. It is difficult to isolate the effects of turbidity fromthose
of changes in river flow. Turbidity and tenperature conditions throughout the
wat er colum were honbgeneous at any given time between Bonners Ferry and
Kootenay Lake. Variation in turbidity and tenperature utilization frequencies
by sturgeon appeared to be due to the flow regime and not due to selection by
the fish. Current velocity and water depth are also controlled to varying
degrees by Libby Dam operation, but available ranges of these paraneters were
not limited by any flows.
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Habitat use and seasonal novement is dependent upon habitat availability
and may dictate whether a white sturgeon in any given locale will nove in
response to a changing environment or remain in an area that may offer a large
range of microhabitats. Bef ore we can hope to clearly understand sturgeon
nmovenent and habitat use in the Kootenai, we nust, through instream nodeling,
gain nmore know edge regarding habitat availability.
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APPENDI X A

Report on Kootenai River white sturgeon el ectrophoretic studies - 1989.
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Kootenai River Wiite Sturgeon - 1989

Examination of muscle tissue using Starch Gel
Electrophoresis to determine the extent of genetic
differentiation from Columbia River White Sturgeon

The opportunity to examne nore individuals fromthe white
sturgeon population in the Kootenai R was sought in order
to provide a nore conplete genetic description of the

popul ation. In 1987, nine individuals were sanpled for
muscl e tissue and the el ectrophoretic data obtai ned was used
to fornulate a prelimnary identification for the

popul ation. The data obtained suggested that the Kootena
R fish stood apart fromthe rest of the Colunbia R
sturgeon by the lack of variability noted fromthe isozyme
data. In 1989, 56 nore sturgeon sanples were taken by the
| DFG white sturgeon research group for electrophoretic
analysis. Miscle tissue was again taken from bel ow the

dorsal fin area by using a cork borer.

The tissue was placed in a marked test tube, put into a

| abel ed whirl pak bag and i medi ately frozen on dry ice.
Sanples were then transferred on dry ice on a weekly basis
to the University of Idaho. The tissue sanples were then
prepared for analysis by adding 0.2 nl of PTP, a tissue
dilution buffer which enhances activity in some of the
enzyne stains examined. The tissue was held in a supercold
(-80 C freezer until analysis. Starch gels were routinely

prepared the day before use. Recipes for stains were taken
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from Aebersold et al (1987). Methods used were standard for

hori zontal starch gel electrophoresis in fish and have been

described in greater detail by Setter (1988).

The results fromthe 1989 genetic popul ation survey altered
t he concl usions we had-reached with our prelimnary data set
collected in 1987. The database is now conprised of
information from 65 individuals and the error in

extrapol ating conclusions is significantly reduced from

t hose reached in 1987.

After exam ning these additional white sturgeon we find that
our estimate of average heterozygosity for the population
has changed substantially from 0.028 to 0.054 which brings
it nuch closer to the 0.74 observed for the Colunbia R

where over 600 individual sturgeon have been exam ned.

Average heterozygosity is a neasure of the quantity of
genetic variation and is often given as an H value. H
represents the percentage of |oci heterozygous in the
average individual from a population. The present

cal cul ated value for Hwe feel would hold up with continued
sanpling and therefore we can concl ude that the amount of
variability is on the average less for individuals found in
the Kootenai R than those found throughout the Colunbia R

This may not however be worth preserving as the reduction of

45



i ndi vidual genetic variation may be nore of a liability than

an asset.

Genetic variability is the basis for long term evol utionary
change. \Wen a popul ation becones isolated from any new
gene flow, gradual genetic differences are expected to
occur. The genetic differentiation brought on by specific
envi ronnent al circunstances can create distinct
subpopul ations within a species. The naintenance of this
genetic integrity conplicates managenent of fishery
resources by mandating sonme form of concervation and
enhancenent when stock sizes dw ndle due to overharvest or
habitat alterations. Due to the extensive habitat changes
associated with the construction of Libby damand the fact
that Kootenai R white sturgeon have been geographically
i sol ated since the last glacial age, concern about
preservation of any genetic differentiation that may have
adaptive significance is critical. Qur results, which show
a |l owered average heterozygosity (less genetic variation)
and a nunber of enzyme systens which do not exhibit the
variation found in the Colunbia R ; suggest that genetic

di screteness does exist for this group of fish

Twenty-four enzynes were used in this exam nation conparing
genetic diversity between the Col unbia and Kootenai rivers.
In the Kootenai R, nine of these systens were pol ynorphic

while in the Colunbia seventeen of these enzymes-displ ayed
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genetic variation. A chi square goodness of fit test was
performed using genotype frequencies to test if the

population is in Hardy \Weinburg equilibrium

The allele frequency data (Table 1) shows the enzynes where
variation occurred in both the Koootenai and Col unbi a

Rivers. Five enzynes were noted where no variation was
evident in the Kootenai River. This is obvious in the
allele frequency data table because there are no frequencies
for the B allele and a 1.0 for the allele. Two of these
systems, MDH1 and PGW1 are both polynorphic in all other
areas of the Colunbia R ver examned. This fact |ends
strength to the argunent that this popul ation has | ost

genetic variation since becom ng geographically isolated.

Genetic distance was cal cul ated using the unbiased nmethod of
Nei (1978) from allele frequencies. The cal culated distance
"of the Kootenai fromthe Colunbia river was 0.03. This
value falls within the mean range of 0.02-0.06 for stock

differences wthin a species.

Conti ngency chi square anal yses were performed between the
two popul ations and rejection val ues x2.05,1= 3.841 are used
to determ ne where significant differences in heterogeneity
exi st between these popul ations. Seven systens showed a
significantly different degree of variation (AAT-1, ALD-1
GAP-|, GPI-2, LT-3, MDH 1, PGW1).
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As a result of our nunerous analyses of the conbined 1987-
1989 Kootenai R white sturgeon tissue sanples, we find
adequat e evidence to distinguish these fish as a separate
popul ati on based on differences in allele frequencies, the
genetic distance calculation and the overall quantity of
variation displayed. This information should prove

i nportant for management decisions based on the genetic
integrity of this reproductively isolated popul ation of

white sturgeon.
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Table 1. Allele frequencies for Colunbia (1) and Kootenai (2) Rivers.
Popul ati on Popul ation Popul ati on
Locus 1 2 Locus 1 2 Locus 1 2
AAT-1 EST-1 LT-1
(N) 586 65 (N) 669 65 (N) 643 58
A .900 1.000 A 1.000 1.000 A .958 .897
B . 100 0.000 B .042 . 103
ADA- | EST- 2 LT-3
(N) 337 65 (N) 116 1 (N) 269 50
A 1.000 1.000 A .836 1 .000 A .942 .880
B . 134 0.000 B .056 .120
C .030 0.000 C .002 0.000
ADA- 2 GAP- 1 MAN- |
(N) 338 65 (N) 624 64 (N) 386 !
A 1.000 1.000 A .994 .953 A 1.000 1.000
B .006 .047
AH- @1 MDH- 1
(N) 493 57 (N) 466 65 (N) 602 65
A .915 .877 A .952 .985 A ,925 1.000
B .082 .123 B .048 .015 B .074 0.000
C .003 0.000 C .001 0.000
AK- | D 1 MDH- 2
(N) 620 62 (N) 650 60 (N) 561 65
A ,985 1.000 A .975 .950 A 1 .000 1.000
B .015 0.000 B .025 .050
ALD-1 GPl-1 ME- |
(N) 578 65 (N) 651 65 (N) 666 65
A .902 .838 A .987 1.000 A .993 1.000
B .096 162 B . .013 0.000 B .005 0.000
C .002 0: 000 C .002 0.000
CK-1 &Pl -2 PGD-1
(N) 626 65 (N) 643 65 (N) 437 54
A .999 1.000 A .849 .915 A .966 1.000
B ,001 0.000 B .151 .085 B .034 0.000
CK-2 IDH 1 PGM-~1
(N) 598 57 (N) 488 57 (N) 640 65
A 1 .000 1.000 A 1.000 1.000 A .934 1.000
B .061 0.000
o .005 0.000
CK-3 LDH 1 PGV 2
(N) 333 1 (N) 678 65 (N) 677 65
A .880 1.000 A .875 .892 A 1.000 1.000
B . 108 0.000 B .125 . 108
C .009 0.000
D .003 0.000
SoD-1
(N) 441 1
A 1 .o000 1 .000
APPTAB
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